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The  determination  of  the  true  values  of  the  thermal  conduc¬ 
tivity  of  semitransparent  glassy  substances  at  high  temperatures 
is  rendered  difficult  by  the  influence  of  radiative  heat  transfer. 
The  thermal  conductivity  gamma  of  semitransparent  substances 
can  be  found  from  acoustic  data  on  the  basis  of  the  Debye  or 
Bridgman  formulae  connecting  gamma  with  the  mean  velocity  cf 
the- elastic  waves.  '  An  investigation  of  the  velocity  of  propa¬ 
gation  of  ultrasound  in  glassy  substances  (colophony  and 
sodium-silicate  glass)  with  a  view  to  determine  their  gamma,  s 

is  described.  The  velocity  of  the  thermal  elastic  waves  given  I 

in  a  melt  deviates  substantially,  due  to  the  relaxation  diaper-  j 

sion,  from  the  velocity  of  the  ultrasound.  To  a  first  approxi-  j 
matlon  given  can  be  determined  by  a  linear  extrapolation  of  I 

the  velocity . in  a  solid  substance  for  high  temperatures.  Tils  \ 

method  was  tested  on  a  substance  with  a  known  value  of  gamma  j. 

(colophony)'  and  used  for  the  study  of  silicate  glasses  .A  The 
calculation,  conducted  by  the  Debye,  Bridgman  and  Predvoditelev- 
Varhaftig  formulae,  does  not  give  the  considerable  increase  in 
gamma  with  temperature,  Orig,  art.  has:  4  figures,  ;  \ 
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Heat  transfer  in  highly  viscous  media  which  are  somewhat 
transparent  to  heat  radiation  is  accomplished  by  both  conduction 
and  radiation.  Che  theoretical  treatment  of  heat  transfer  by 
simultaneous  conduction  and  radiation  is  exceedingly  complex. 
Significant  theoretical  results  have  been  achieved  only  recently. 
Articles  are  being  published  now  which  permit  complete  calculation 
of  heat  transfer  by  simultaneous  conduction  and  radiation  if  the 
thermal  and  radiation  transmission  characteristics  of  the  medium 
are  known [1, 2] .  Among  these  is  the  coefficient  of  molecular  thermal 
conductivity.  However,  reliable  values  of  this  nuancity  for 
semitransparent  media,  such  as  “lasses,  are  not  available.  Only 
effective  values  are  given,  which  include  radiation  heat  transfer; 
these  are  strongly  dependent  on  experimental  conditions.  In  one 
experiment [3],  an  attempt  was  made"  to  det arming  the  true  thermal 
conductivity  of  a  curtain  glass  at  850  —  1450  C.  The  values 
obtained  for  the  coefficient  of  thermal  conductivity  were  two  to 
three  times  larger  than  those  at  normal  temperatures.  The  physical 
causes  of  such  a  significant  Increase  in  molecular  thermal 
conductivity  are  uncertain,  since  melted  silicates  may  be  considered 
viscous  fluids.  The  thermal  conductivity  of  viscous  fluids  is 
comparatively  weakly  dependent  on  temperature,  and  usually  decreases 
with  increasing  temperature. 

It  is  possible  to  solve  .;his  physical  problem  and  calculate 
the  coefficient  of  thermal  conductivity X  of  semitransparent  media 
in  cases  where  direct  measurement  is  very  difficult.  This  may- be 
accomplished  with  the  aid  of  acoustic  data.  In  a  number  of  well 
known  experiments  attempts  have  been  made  to  establish  a  link 
between  thermal  conductivity  and  other  physical  properties  of 
matter.  This  problem  was  solved  most  successfully  by  Debye [4J. 

He  conceived  of  heat  conduction  as  a  process  of  heat  transfer  by 
means  of  elastic  waves  vzifch  a  frequency  of  1012;~  1013Hz,  which 
propagated  from  warmer  to  cooler  sites.  Thermal  elastic  waves  are 
multiply  scattered  when  they  encounter  the  temperature  anomalies 
and  other  physical  discontinuities  which  characterize  the  mean 
free  path  i.  Thus  the  speed  of  heat  conduction  is  far  slower  than 
the  waves  ‘“'velocity  of  propagation.  Debye  obtained  the  following 
expression  f  or  X  :  i 

a) 

where  P'-density,  c»heat  capacity,  and  £■„  ra0an  velocity  cf  the 
thermal  elastic  waves,  defined  by  Bo  bye  in  tne  following  rej.a..  on 
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between  the  velocity  of  longitudinal  waves  u  and  the  velocity  of 
transverse  waves  u.*. :  3  12  e 

«7  +  «7 

Though  the  Debye  equation  is  hard  to  apply  in  the  case  of 
crystals  because  of  the  complexity  of  determining  1,  for  amorphous 
glassy  substances  this  difficulty  is  lesr.ened.  For  these  substances 
.t;  is  determined  from  the  mean  distance  between  the  molecules  or 
molecular  complexes  which  take  part  in  thermal  motion;  it  is  not 
temperature  dependent.  Besides  relation  i.l),  there  is  also  the 
Bridzhmen  formula  [5l  which  showed  that  experimental  results 
concerning  thermal  conductivity  of  fluids  are  satisfactorily 
described  by  the  simple  relation: 

\=3  kui~2  (2) 

Here  *  is  Boltzmann’3  constant,  3  is  the  distance  between  molecules. 

Bridzhmen  also  gave  an  elementary  consequence  of  formula  (2). 
Equations  (1)  and  (2)  contain  the  velocity  of  sound;  its 
temperature  dependence  determines  the  change  of  thermal  conductivity 
with  temperature.  However,  the  velocity  of  sound  in  glasses  is 
unknown  at  temperatures  higher  than  500  —  600°.  An  experiment  was 
conducted  to  investigate  the  velocity  of  propagation  of  ultrasound 
in  glassy  substances,  in  order  to  determine  their  thermal 
conductivity.  Sodium  silicate  elass  was  among  those  tested.  A 
description  of  the  method  and  the  experimental  set-up  is  given  in 
issue  8  of  this  (Journal  [6]. 

The  temperature  dependence  of  the  velocity  of  ultrasound 
in  rosin  and  in  silicate  glass  is  shown  in  Figures  1* and  2. 


See  page  2a 


Jig.  1  The  temperature  dependence  of 
the  velocity  of  ultrasound  in  rosin, (6) 
uQ«  velocity  for  . 
u««  velocity  for  »—•) 

KEY :  ( 1 )  u/msec ) ;  ( 2 )  MHz . 
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Fig.  2  The  tempers  ire 
dependence  of  the  '^1  cc.lt' 
of  ultrasound  in  s<xl» 
silicate  glass. 
un=  velocity  for  y—<'. 

Uco*  velocity  for 
KEY:  (1)  kcal/m-hr  cC 
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Fig.  2 


The  data  show  that  when  glass  changes  from  the  solid  to  the  liquid 
state t  a  decrease  in  the  velocity  of  ultrasound  by  a  factor  of 
2.5  —  3  is  associated  with  the  transition.  This  decrease  is 
accompanied  by  dispersion  which  we  observed  directly  in  rosin  [63 , 
and  which  other  authors  have  observed  during  the  vitrification 
of  viscous  fluids C7, B].  These  phenomena  are  explained  qualitatively 
by  relaxation  theory. Direct  measurement  and  calculation  of  the 
thermal  conductivity  of  rosin  also  indicates  significant  dispersion. 
In  fact*  from  formula  i2)  and  experimental  values  of  the  velocity 
of  sound,  the  thermal  conductivity  of  rosin  decreases  sharply  at 
60_s0  U?ig.  3) 
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Pig.  3«  The  temperature  dependence  of  the  coefficient  of  thermal 
conductivity  of  rosin  (0-  experiment;  1-  calculated  from  formula  (2) 
and  the  velocity  of  thermal  elastic  waves,  determined  from  the 
velocity  of  ultrasound  in  solid  rosin;  2-  calculated  from  formula  (2) 
and  the  velocity  of  ultrasound;  3-  calculated  from  the  formula  of 
Predvoditelev-Vargaftik  ,  B=const) 

KEY:  (1)  u(m/sec.*103. 


This  is  contradicted  by  the  experimental  data  of  3.  Kuvshinskiyi  C9  ]  >  * 
which  show  that  1  of  rosin  remains  constant  +  %  in  the  temperature 
interval  20  —  90- C.  The  discrepancy  between  "calculated  and 
experimental  values  must  be  explained  by  the  fact  that  the  mean 
velocity  u.:  is  determined  from  the  velocity  of  ultrasound  in  the 
melted  state.  However,  the  velocity  of  thermal  elastic  waves  u<*> 
as, a  consequence  of  relaxation  dispersion  differs  significantly 
from'  the  velocity  of  ultrasound.  An  estimate  of  the  relaxation  time 
in  rosin  from  experimental  values  of  the  velocity  of  ultrasound 
shows  that  its  magnitude  for  frequencies  of  Kr^ip.13  'Hz  is  much 
greater  than  unity,  at  least  up  to  120  —  130°C.  Consequently,  the 
velocity  of  the  thermal  elastic  waves  remains  practically  the  same 
as  "it” is  in  the  solid  state,  a  first  approximation  of  the  velocity 
u«»i  may  bo  determined  by  linear  extrapolation  to  high  temperatures 
of  the  velocity  in  solid  rosin.  Por  this  case  the  value  of  * 
calculated  from  formula  (.2)  is  close  to  the  experimental  value  (Pig. 3). 
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The  best  results  from  calculation  may  be  obtained  from  Debye’s 
formula  (1),  according  to  which  some  decrease  in  velocity  is 
compensated  for  by  an  increase  in  heat  capacity;  this  takes  place 
during  the*  softening  of  glasses. 

The  calculation  of  the  coefficient  of  thermal  conductivity 
of  resin  thus  shows  that  the  velocity  uieo  for  glassy  substances 
should  be  determined  from  the  velocity  in  the  solid  state,  This 
method  of  calculation  wa3  employed  to  determine  the  thermal 
conductivity  of  silicate  glasses.  The  results  of  the  calculation 
of  the  coefficient  of  thermal  conductivity  for  three  sodium 
silicate  glasses,  for  which  the  velocity  of  sound  was  measured 
in  the  solid  state  [10],  are  shown  in  Pig.  4.  These  glasses  are  ; 

similar  _in  composition  to  those  tested  in  article  [3]. 
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Pig.  4.  Calculation  of  the 
coefficient  of  thermal  con¬ 
ductivity  of  sodium  silicate 
glass.  (1  —  by  Debye  for¬ 
mula;  2  —  by  formula  of 
Predvoditelev-Vargaftik;  3  - 
by  the  Bridzhmen  formula). 

KEY:  C.)  Glass  No.  1; 

(2)  Glass  No.  2;  C3)  Glass 
No.  3;  (*♦}  keal/m-hr  °C. 
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The  calculation  of  thermal  conductivity  was  carried  out  here 
according  to  the  formulas  of  Debye,  Bridzhmen,  and  Predvoditelev- 
Vargaftik.  Not  one  of  the  formulas' indicates  a  significant 
increase  in  thermal  conductivity  when  compared  to  the  experimental 
data  cited  by  Gut op  [3],  which  show  an  increase  in  A  by  a  factor 
of  2.5  —  3  as  the  temperature,  is  raised  from  600  —  14-50  o. 
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The  analysis  of  this  data  in  the  light  of  new  theories  of  heat 
transfer  is  still  incomplete.  There  is  no  reason,  however,  to 
consider  incorrect  the  values  of  the  Mai  currents  observed 
experimentally.  Therefore,  experimental  values  of  thermal  currents 
may  serve  as  a  standard  for  checking  theoretical  calculation^  of  X., 

The  values  of  the  coefficient  of  thermal  conductivity  X  determined 
from  the  velocity  of  sound  are  used  with  formulas [2]to  give 
theoretical  predictions  of  the  thermal  currents,  which  are  then 
cot  ared  with  experimental  results.  The  results  of  such  comparisons 
rjl]|show  that  best  agreement  is  obtained  if  Xis  calculated  from 
the*  Debye  fdrraula.  This  indicates  that  of  the  formulas  considered, 
Debye’s  formula  gives  the  best  estimate  of  the  temperature 
dependence  of  the  thermal  conductivity  of  silicate  glasses. 

•-  The  following  results  are  presented  in  conclusion: 

1. 'The  study  of  the  propagation  of  ultrasound  in  glasses  has  led 
to  the  determination  of  the  temperature  dependence  of  the  thermal 
conductivity  of  glassy  substances  in  a  viscous  liquid  state. 

?•  Data  concerning  the  strong  temperature  dependence  of  the  thermal 
conductivity  of  softened  glasses  have  not  been  confirmed. 

3*  The  possibility  of  applying  acoustic  data  to  the  calculation 
of  thermal  conductivity  has  b«en  demonstrated;  with  the  aid  of 
new  theories  of  heat  transfer  this  permits  the  calculation  of 
thermal  currents  in  semi-transparent  media. 
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